Aims/hypothesis The aim of this study was to investigate changes in insulin sensitivity and expression of the gene encoding resistin (Retn) in adipocytes from long-term nitric oxide (NO)-deficient rats. Methods Male Sprague-Dawley rats received N ω -nitro-Larginine methyl ester (L-NAME 0.5 mg/ml) in their drinking water for 4 weeks, while control rats received plain drinking water. During the experimental period, changes in plasma glucose, insulin and C-peptide levels were measured. After administration of L-NAME for 4 weeks, insulin sensitivity was evaluated in vivo and in vitro. An insulin binding assay was also performed to determine the number and binding affinity of insulin receptors in adipocytes. Adipocyte Retn mRNA levels were examined using northern blotting.
Results Successful induction of NO deficiency was demonstrated by an increase in systemic blood pressure. No difference in plasma glucose levels was found between the two groups. Compared with the control rats, plasma insulin and C-peptide levels were significantly decreased in the NO-deficient rats, and insulin sensitivity was significantly increased. Insulin-stimulated glucose uptake and insulin binding capacity, but not binding affinity, were significantly increased in adipocytes isolated from NO-deficient rats. In addition, adipocyte Retn mRNA levels, but not plasma resistin levels, were significantly decreased in NO-deficient rats, and the Retn mRNA levels were negatively correlated with insulin sensitivity. Conclusions/interpretation Insulin sensitivity was increased in NO-deficient rats and this was associated with insulin binding capacity and downregulated Retn expression. These findings suggest that NO plays a regulatory role in metabolism. Dysregulation of NO production may result in the development of metabolic disorders. 
Introduction
Nitric oxide (NO), a pivotal endothelium-derived vasodilator, plays an important role in vascular homeostasis [1] . Impaired production of endothelial NO is associated with hypertension, hypercholesterolaemia, atherosclerosis and diabetes [2] [3] [4] [5] . The common underlying abnormality in patients with these metabolic disorders is insulin resistance [6] . It is of interest to know whether NO modulates the metabolic effects of insulin. Conflicting evidence has been presented regarding the role of NO in the regulation of glucose metabolism. An in vitro study demonstrated that the NO donor sodium nitroprusside stimulates glucose transport and metabolism but inhibits insulin-mediated glycogen synthesis in rat skeletal muscle [7] . In differentiated 3T3-L1 adipocytes, acute treatment with sodium nitroprusside increases insulin-stimulated glucose uptake [8] . Moreover, chronic administration of N ω -nitro-L-arginine methyl ester (L-NAME), an NO synthase (NOS) inhibitor, in drinking water may decrease glucose tolerance in vivo but increase local insulin-stimulated glucose uptake in skeletal muscle in vitro [9] . Endothelial NOS (eNOS) knockout mice also exhibit insulin resistance compared with their wild-type counterparts [10, 11] . In contrast, supplementation with L-arginine, a precursor of NO, does not improve insulin resistance in diabetic rats [12] . Kapur et al. [13] demonstrated that the NO donors GEA5024 and sodium nitroprusside dose-dependently inhibit insulin-stimulated glucose transport in rat extensor digitorum, longus and soleus muscles, as well as in cultured L6 myotubes. In a clinical euglycaemic hyperinsulinaemic clamp study, systemic inhibition of NO synthesis with N G -monomethyl-L-arginine increased insulin sensitivity in healthy male subjects [14] . These observations all indicate that NO can modulate the action of insulin. However, the effect of NO on the metabolic actions of insulin remains to be fully elucidated. In addition to acting as an energy storage pool, adipocytes secrete several biological factors called adipocytokines, including TNF-α, IL-6, leptin and adiponectin. These adipocyte-derived factors may influence insulin sensitivity and glucose metabolism [15] . Resistin, a novel adipocyte-secreted hormone, is known to play a critical role linking obesity to diabetes in rodents, and neutralisation of plasma resistin with specific antibodies substantially improves glucose tolerance and insulin action in a mouse model of type 2 diabetes [16] . Acute administration of recombinant resistin impairs glucose tolerance and the action of insulin on hepatic glucose production [16, 17] . Fasting blood glucose concentrations are significantly lower in resistin-deficient mice [18] . Overexpression of the gene encoding resistin (Retn) impairs glucose metabolism and insulin sensitivity in rodents [19] . A genetic epidemiological study of Europid families indicated that single-nucleotide polymorphisms in the Retn gene promoter region may alter the relationship between BMI and the insulin sensitivity index in non-diabetic family members of patients with type 2 diabetes [20] . These results show that resistin is an important regulator of insulin-mediated glucose metabolism, but the correlation between resistin levels and insulin sensitivity is still controversial.
Materials and methods

Materials 2-Deoxy[
3 H]glucose (2-DG),
125
I-labelled insulin, and [
32 P]dCTP were purchased from Amersham (Aylesbury, UK). The insulin ELISA kit was purchased from Mercodia (Uppsala, Sweden), the C-peptide RIA kit from Linco Research. (St Charles, MO, USA), the triglyceride kit from Merck (Darmstadt, Germany), the NEFA assay kit from Wako Pure Chemical Industries (Osaka, Japan), the Tri Reagent Kit from Molecular Research Center (Cincinnati, OH, USA), the Prime-A-Gene labelling kit from Promega (Madison, WI, USA), the antiperoxisome proliferator-activated receptor γ (PPARγ), α-tubulin antibodies and horseradish peroxidase-conjugated secondary antibodies from Santa Cruz Biotechnology (Santa Cruz, CA, USA), and the rat resistin ELISA kit from B-Bridge International (Sunnyvale, CA, USA). All other chemicals were from Sigma-Aldrich (St Louis, MO, USA).
Experimental design To determine whether NO plays a role in the regulation of insulin sensitivity, we examined whether changes in insulin sensitivity occur in NO-deficient rats. To further elucidate the relationship between resistin and insulin sensitivity, adipocyte Retn expression was also measured in NO-deficient rats. NO deficiency was induced with the addition of L-NAME (0.5 mg/ml) to the drinking water for 4 weeks. Various parameters, including systolic blood pressure and plasma glucose, insulin and C-peptide levels, were examined during the 4-week experimental period. During the last week, insulin sensitivity was determined by OGTT, insulin tolerance test (ITT), and steady-state plasma insulin (SSPI) and steady-state plasma glucose (SSPG) in vivo. At the end of the 4-week period, the rats were killed and glucose uptake, insulin receptor binding and Retn mRNA levels in isolated adipocytes were measured in vitro.
Animal care Male Sprague-Dawley (200-250 g), WistarKyoto (WKY; 250-300 g), and spontaneously hypertensive (SHR; 250-300 g) rats were supplied by the National Laboratory Animal Breeding and Research Center, Taipei, Taiwan. All animals were housed three to a cage in an airconditioned room (22±2°C) on a 12-h light/dark cycle (06:00-18:00 h). Except when scheduled for OGTT, ITT, SSPI, SSPG or killing, all animals had free access to food and water. All procedures were carried out in accordance with the Taiwan Government Guide for the Care and Use of Laboratory Animals, and the research protocol was approved by the animal welfare committee of the National Yang-Ming University.
Blood pressure measurement Narco Bio-Systems Physiograph equipment (Houston, TX, USA) was used to measure blood pressure by the tail-cuff method, as described previously [21] .
Blood sample collection Blood sampling was carried out in a quiet room starting at 10:00 h on sets of control and NOdeficient rats. Blood samples for glucose and insulin measurements (approximately 300 μl) were collected by tail bleeding into a 1.5-ml heparin-coated polyethylene microfuge tube on ice. The plasma was separated by centrifugation and stored at −20°C until assayed. Plasma glucose was measured on a glucose analyser (Model 23A; Yellow Springs Instrument Company, Yellow Springs, OH, USA). Plasma insulin, C-peptide, triglyceride, NEFA and resistin were measured with commercial kits.
OGTT A 0-min blood sample was taken from each rat, then, without delay, the rats were given glucose solution (concentration 0.2 g/0.1 ml; 0.1 ml/100 g body weight) by gavage, and four further blood samples were collected at 30, 60, 90 and 120 min [21] . The concentrations of plasma insulin, glucose and C-peptide were determined.
Measurement of the insulin resistance indices
The fasting glucose:insulin ratio (G 0 /I 0 ) was measured as described previously [22] . The homeostasis model assessment of insulin resistance (HOMA-IR) value was calculated as [fasting glucose (mmol/l)×fasting insulin (μIU/l)]/22.5 [23] .
ITT To perform ITT, rats were fasted for 6 h, and then injected i.p. with 0.75 U/kg regular human insulin (Novo Nordisk, Clayton, NC, USA) without anaesthesia, and blood samples were taken before and 15, 30, 60, 90 and 120 min after the injection [24] .
SSPI and SSPG Measurements of SSPG and SSPI were performed as described previously [25] .
Preparation of adipocytes At the end of the experiment, the rats were killed by decapitation after overnight fasting and the epididymal fat pads from each group of rats pooled to isolate adipocytes using the Rodbell method [26] with minor modifications [25] .
2-deoxy[
3 H]glucose uptake Glucose uptake by adipocytes was determined by measuring 2-DG transport into the cells, as described previously [25] .
125 I-Labelled insulin binding assay Binding of insulin to adipocytes was measured as described previously [25] . A Scatchard plot was used to determine the number of insulin binding sites and the dissociation constant.
RNA extraction Total RNA was extracted from adipocytes isolated from each individual rat using a Tri Reagent kit. The integrity of the RNA was examined by 1% agarose gel electrophoresis, and its concentration determined by the absorbance at 260 nm (Genequant RNA/DNA calculator; Biochrom, Cambridge, UK).
Northern blotting Northern blotting was carried out according to a standard procedure, as described previously [27] . 32 P-labelled full-length rat Retn cDNA and control glyceraldehyde-3-phosphate dehydrogenase (Gapdh) cDNA (1.1 kb; Clontech, Palo Alto, CA, USA) hybridisation probes were prepared using the random priming DNA labelling system (Promega). After hybridisation, the signals were quantified by densitometry and the signals for the two Retn mRNAs (0.8 and 1.4 kb, owing to different sizes of the 3′-untranslated region), summed and normalised to that of the corresponding Gapdh mRNA band.
Western blotting Adipocytes were lysed with lysis buffer (1% Triton X-100, 150 mmol/l NaCl, 10 mmol/l Tris pH 7.4, 1 mmol/l EDTA, 1 mmol/l EGTA, 0.2 mmol/l PMSF, 0.5% Nonidet P-40), then 100 μg of lysate proteins were separated by SDS-PAGE using a 7.5% polyacrylamide gel and electroblotted onto a poly(vinylidene fluoride) membrane. All western blotting procedures were carried out as previously described [25] .
Statistical analysis All results are expressed as the means± SD. Differences between the two groups were analysed either by the Student's t-test or by two-way ANOVA with a post hoc t test when multiple measurements were made. Pearson correlation coefficients (r) were calculated to quantify relationships between Retn mRNA levels, fat pad weight and insulin resistance indices, such as the I 0 , G 0 /I 0 and HOMA-IR. Differences between the two groups were considered statistically significant when the p value was <0.05.
Results
Characteristics of the two groups As expected (Fig. 1) , chronic administration of L-NAME resulted in a significant increase in the systolic blood pressure from 1 week of administration (145±5.0 vs 115±4.2 mmHg for the control rats, p<0.05), and this hypertensive status was maintained to the end of the experiment (166±9.1 vs 123±3.6 mmHg, p<0.05). This hypertensive response shows that an NOdeficient status was successfully induced in the rats by L-NAME administration. Table 1 shows the body weight, epididymal fat pad weight, relative epididymal fat pad weight, fasting glucose and insulin concentrations, the insulin resistance indices, and fasting triglyceride, NEFA and resistin concentrations after the 4-week experimental period. Fasting plasma glucose, triglyceride, NEFA and resistin concentrations were similar in the two groups, but the fasting plasma insulin concentration was significantly lower in the NO-deficient rats than in the control rats. The changes in the G 0 /I 0 and HOMA-IR also indicated that NOdeficient rats were more insulin-sensitive than the control rats. No significant difference was seen in body weight between the two groups.
The epididymal fat pad weight was significantly decreased in the NO-deficient rats compared with the control rats ( Table 1) . Analysis of adipocyte size revealed that adipocyte diameter was significantly decreased in the NOdeficient rats compared with the control rats (34.9±0.1 vs 42.8±0.1 μm, p<0.05). This result suggested that chronic NO deficiency in the rat caused a clear alteration in adipocyte size. Adipocyte differentiation may contribute to the change in adipocyte size in NO-deficient rats. To address this issue, we measured levels of PPARγ, the essential transcription factor for adipocyte differentiation [28] , by western blotting. Results showed that PPARγ levels were significantly increased by 1.5-fold in adipocytes isolated from NO-deficient rats compared with those isolated from the control rats.
Plasma glucose, insulin and C-peptide levels Figure 2 shows the changes in plasma glucose, insulin and C-peptide levels in the two groups during the 4-week experimental period. There was no difference in plasma glucose between the two groups, but plasma insulin and C-peptide were significantly lower in NO-deficient rats compared with control rats within 1 week of the start of L-NAME administration (79.9±8.3 vs 121.5±9.7 pmol/l, p<0.05 for insulin; 164.0± 17.4 vs 268.4±23.7 pmol/l, p<0.05 for C-peptide), and remained significantly lower throughout the experiment.
Insulin sensitivity The OGTT results obtained for the two groups on day 3 of the last experimental week are shown in Fig. 3a-c and Table 2 . Baseline plasma glucose levels were not different in the two groups, and levels in both groups increased similarly after oral glucose loading. The NOdeficient rats had significantly lower baseline plasma insulin and C-peptide levels than the control rats. In response to oral glucose challenge, both the NO-deficient and control rats responded with an increase in plasma insulin and C-peptide levels, but the levels in the NOdeficient rats were significantly lower than those in the control rats. As shown in Table 2 , there was no significant difference in the ΔAUC glucose (change in the area under the Fig. 1 Changes in systolic blood pressure in NO-deficient (filled circles) and control (empty circles) rats. The values are the means±SD for eight rats. *p<0.05 vs the control group at the corresponding time point glucose profile curve during the OGTT) between the NOdeficient and control groups. However, the values for the ΔAUC insulin (change in the area under the insulin profile curve during the OGTT) and 2-h insulin were significantly decreased in the NO-deficient group, suggesting that the NO-deficient rats were more insulin-sensitive than the control rats. The value for the ΔAUC C-peptide (change in the area under the C-peptide profile curve during the OGTT) in the NO-deficient rats was also significantly decreased, indicating that insulin secretion in the NOdeficient group was suppressed. These results suggest that insulin-stimulated glucose utilisation in insulin target tissues was more sensitive to insulin in the NO-deficient rats than the control rats. Furthermore, the C-peptide response also suggested that insulin secretion was decreased or suppressed after 4 weeks of L-NAME administration.
Further data on the effect of chronic NO deficiency on insulin sensitivity in vivo are provided in Figs 3d and 4 . The results of the ITT indicated that the overall insulin sensitivity was significantly increased in the NO-deficient rats. Thus, the glucose-lowering effect of insulin was significantly increased in the NO-deficient rats compared with the control rats at 30, 60, 90 and 120 min (p<0.05) (Fig. 3d) . Furthermore, no significant difference in SSPI was found between control and NO-deficient rats (Fig. 4a) . However, SSPG was significantly lower in NO-deficient rats than in control rats (3.53±0.09 vs 5.52± 0.05 mmol/l, p<0.05) (Fig. 4b) . Consistent with our OGTT data, the ITT, SSPG and SSPI results indicated that the NO-deficient rats were more insulin-sensitive than the control rats.
Glucose uptake and insulin receptor characteristics of isolated adipocytes To further clarify the changes in cellular insulin sensitivity in NO-deficient rats, we measured basal and insulin-stimulated glucose uptake by adipocytes isolated from NO-deficient rats and control rats. As shown in 16.1 fmol/10 5 cells/3 min, p<0.05). These data show that cellular insulin sensitivity was significantly increased in the NO-deficient rats.
To determine the mechanism responsible for the increased insulin-stimulated glucose uptake in isolated adipocytes from NO-deficient rats, we examined whether insulin binding to adipocytes was altered. As shown in Fig. 6 , insulin binding was significantly increased in adipocytes isolated from NO-deficient rats compared with those isolated from control rats. Scatchard analysis (Table 3) showed that there was no difference in the dissociation constant for insulin between the two groups, but that the insulin binding capacity was significantly increased in the adipocytes isolated from NO-deficient rats. This suggests that the enhanced insulin-sensitised response in adipocytes isolated from NO-deficient rats results from the increase in the number of insulin receptors.
Retn gene expression in isolated adipocytes
Adipocyte Retn mRNA levels in the L-NAME-treated and control groups were evaluated by northern blotting. Figure 7a shows the results of a representative northern blot using a Retn-specific probe. Two transcripts 0.8 and 1.4 kb in length were seen, the same sizes as reported previously for rat Retn [29] . Retn mRNA levels were significantly lower in the adipocytes isolated from NO-deficient rats than in those from control rats (Fig. 7c, p<0.05) . Furthermore, the adipocyte Retn mRNA levels showed positive correlations with fat pad weight and the insulin resistance indices (Table 4) .
Furthermore, to clarify the hypertensive effect on adipose Retn expression, we studied adipose Retn expression in SHR (body weight: 317.2±10.9 g; systolic blood pressure: 185.9±5.6 mmHg) and normotensive WKY (body weight: 310.9±7.1 g; systolic blood pressure: 133.4± 3.8 mmHg) rats. Our data showed that adipose Retn mRNA expression was very similar in these two groups (Fig. 7b,d) . The results also suggested that high blood pressure cannot regulate adipose Retn gene expression.
Discussion
In the present study we found that insulin sensitivity was increased in rats rendered NO-deficient by the chronic administration of L-NAME in drinking water. Further exploration of the effects of insulin on adipocytes revealed that insulin-stimulated glucose uptake was significantly increased in adipocytes isolated from NO-deficient rats, and Rats were pre-infused with somatostatin for 30 min, after which time they were co-infused with the mixed solution of somatostatin, insulin and glucose for 180 min. The mean plasma insulin and glucose levels during the 135-180-min period were designated as SSPI and SSPG. The values are the means±SD for eight rats. *p<0.05 vs control rats Units: AUC glucose , mmol/l×h; AUC insulin , pmol/l×h; insulin, pmol/l; AUC C-peptide , mmol/l×h AUC area under the curve during the OGTT ΔAUC: change in the area under the curve during the OGTT that this was associated with an increase in the number of insulin receptors. These findings are consistent with the clinical observation that systemic inhibition of NOS increases insulin sensitivity in man [14] and the finding that intravenous administration of an NO donor causes decreased glucose tolerance in dogs [30] . However, some conflicting results have been reported. For example, acute administration of L-NAME does not result in glucose tolerance in vivo or in decreased muscle glucose uptake in vitro [31] ; the discrepancy between the lack of effect on insulin sensitivity in this study and the effect seen in the present study may be due to differences in the experimental conditions, such as differences in the dose, delivery route and duration of L-NAME administration. Balon et al. [9] found that chronic NOS inhibition decreases glucose tolerance in rats as a result of insufficient insulin secretion, and, on further evaluating the change in cellular insulin sensitivity, found that insulin-stimulated glucose transport in skeletal muscle was increased by chronic NOS inhibition. This finding is consistent with our data for adipocytes isolated from NO-deficient rats. Balon's study [9] showed that the insulin secretion response to glucose challenge is decreased in NO-deficient rats. In the present study, we found that basal plasma insulin and C-peptide levels were significantly lower in NO-deficient rats than in control rats (Fig. 2) . The results of the OGTT showed that the ΔAUC insulin and ΔAUC C-peptide were also decreased in NO-deficient rats (Fig. 3b,c and Table 2 ). These observations show that insulin secretion is decreased in the NO-deficient state. The study by Pueyo et al. [32] showed that chronic NOS blockade does not alter insulin secretion in response to several secretagogues, including D-glucose, L-arginine and D-arginine. According to their findings, insulin hyposecretion in NO-deficient rats may be a compensatory response to the increased insulin sensitivity. However, we cannot fully exclude an influence of NO on regulation of insulin secretion. A different study has shown that NO has a dual effect on regulation of insulin secretion in rat pancreatic beta cells, facilitating insulin secretion in a cGMP-dependent manner at low concentrations and inhibiting it in a cGMP-independent manner at high concentrations [33] . Thus, the regulatory role of NO in pancreatic insulin secretion in NO-deficient rats needed to be further explored.
Our in vitro study showed that insulin-stimulated glucose uptake by adipocytes isolated from NO-deficient rats was significantly increased (Fig. 5) . A similar result was obtained in Balon's study [9] . In addition, Kapur et al. [13] reported that NO donors induce dosedependent inhibition of maximal insulin-stimulated glucose transport in L6 muscle cells. These findings strongly suggest that NO may decrease the metabolic action of insulin. Furthermore, the number of insulin binding sites was significantly increased in adipocytes isolated from NO-deficient rats ( Fig. 6 and Table 3 ). The influence of NO on insulin receptor number has also been explored by Ragoobirsingh and colleagues, who found that NO donor administration results in the decreased binding of insulin to its receptor on the cell membrane of mononuclear leucocytes in dogs [34] . These data support the hypothesis that NO inhibits insulin action by modulating insulin binding to its receptor.
In biological systems, NO is synthesised from L-arginine by NOSs. Three NOS isozymes are responsible for NO formation: the constitutively expressed neuronal NOS (nNOS) [35] , eNOS [36] , and cytokine-inducible NOS (iNOS) [37] . The contribution of these three NOSs to the regulation of the metabolic actions of insulin has been extensively explored. Human genetic epidemiological studies have shown that eNOS polymorphisms are associated with insulin resistance [38] [39] [40] . Mice with complete disruption of the gene encoding eNOS (Nos3) exhibit insulin resistance [10, 11] . Furthermore, although partial deletion of the Nos3 gene does not alter insulin sensitivity in mice, the animals develop insulin resistance when fed a high-fat diet, providing further evidence of the importance of this gene in metabolic disorders [41] . The role of nNOS in the regulation of glucose homeostasis is not clear, and there is little evidence that it modulates insulin sensitivity. On the other hand, stimulation of iNOS and subsequent NO overproduction can cause insulin resistance. For example, injection of rats with lipopolysaccharide (LPS) leads to hyperglycaemia, insulin resistance and increased iNOS protein expression and activity [42] , and aminoguanidine (a specific iNOS inhibitor) ameliorates LPS-induced hyperglycaemia and insulin resistance [42] . These data indicate that iNOS plays a regulatory role in the metabolic actions of insulin. Moreover, mice with complete disruption of the iNOS gene are protected from high-fat-induced insulin resistance [43] . These findings provide evidence that iNOS is involved in the development of insulin resistance in diet-induced obesity. In the present study, L-NAME was used to inhibit all NOS isoforms and was found to enhance insulin sensitivity in rats. It was very difficult to clarify which NOS isoform was the major contributor in the NO-deficient rats. To address this question, further investigations using specific eNOS or iNOS inhibitors in rats are needed to elucidate the precise roles of eNOS and iNOS in insulin sensitivity. The physiological role of NO in adipocytes remains unclear. Clinical observation showed that increases in circulating NO levels correlated strongly with body fat in obesity, an insulin resistant status [44] . In the present study, chronic NO deficiency caused a significant decrease in fat pad weight (Table 1 ) and a significant increase in insulin sensitivity in rats (Figs 3, 4 and Table 2 ). These findings strongly support the hypothesis that increased NO production may impair insulin sensitivity and increase lipid storage in adipose tissues.
In addition, eNOS and iNOS can be detected in rat white adipose tissue [45] and human adipocytes [46] , suggesting that NO may be involved in the regulation of energy metabolism. Furthermore, expression of the eNOS and iNOS genes in adipocytes is significantly increased in obesity [46] , a chronic inflammatory state. Expression of iNOS, but not that of eNOS, is significantly increased during adipocyte differentiation [46, 47] , and NO has been shown to be involved in the positive modulation of preadipocyte differentiation [47] . Collectively, these data show Fig. 7 Retn mRNA levels in adipocytes from NO-deficient and control rats, and from Wistar-Kyoto (WKY) and SHR rats. Total RNA isolated from adipocytes from control or NOdeficient rats was subjected to northern blotting (15 μg RNA per lane) using rat Retn and Gapdh probes. a, b Representative northern blot showing the two rat Retn mRNAs with sizes of 1.4 and 0.8 kb owing to differences in the 3′ untranslated region. c, d Results of the densitometric analysis normalised to the Gapdh mRNA levels. The values are the means±SD for eight rats. *p<0.05 vs the control group Table 4 Correlations between adipocyte Retn mRNA levels, fat pad weight and insulin resistance indices that the homeostasis of eNOS and iNOS expression is important in metabolism, i.e. constitutive expression of eNOS seems to be necessary to maintain normal insulin sensitivity, while activation of iNOS might contribute to impairment of insulin sensitivity.
In the present study we also found that Retn gene expression in adipocytes was significantly decreased in NO-deficient rats. Furthermore, adipocyte Retn mRNA levels correlated with fat pad weight and the insulin resistance indices. These results are in agreement with previous reports [16] [17] [18] [19] [20] . Our findings also evoke the possibility that NO may regulate Retn expression in adipocytes. Some indirect evidence also supports the role of NO in Retn expression. For example, LPS, which is thought to increase iNOS activity and subsequent NO production [42] , increases Retn mRNA levels in 3T3-L1 adipocytes [48] . In addition, TNF-α increases iNOS activity in adipocytes [49] and also increases adipocyte Retn mRNA levels [50] . However, the precise mechanism by which NO regulates resistin expression in adipocytes needs further investigation.
In conclusion, our in vitro and in vivo findings show that insulin sensitivity is enhanced in both isolated adipocytes and conscious rats in the chronic NO-deficient state. Since we observed similar effects in vivo and in vitro, we believe that our findings provide an accurate picture of the chronic effect of NO deficiency on insulin sensitivity. These results also support the concept that NO plays a pivotal role in modulating energy metabolism in both physiological and pathological conditions. Overproduction of NO, through eNOS or iNOS activation, may impair insulin-stimulated glucose uptake in insulin target cells, including adipocytes. However, this hypothesis requires further testing.
